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Figure 3-13
Thiessen Polygons of Total Organic Carbon

Feasibility Study
San Jacinto River Waste Pits Superfund Site

Lake Houston Dam

Orthoimagery presented herein are
enhanced 50-cm (0.5-meter) Digital
Orthophoto Quarter-Quads
(DOQQs) images from the 2008
USDA-FSA National Agriculture
Imagery Program (NAIP) and 2009
Texas Orthoimagery Program (TOP)
aerial imagery acquisitions.
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Figure 3-14a
Spatial Profiles of Model-Predicted Annual Average Water Column TCDD Concentrations (Model Year 11)

Feasibility Study
San Jacinto River Waste Pits Superfund Site
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Model Run: SJR_PROJ1_BC_TCDD_1301-03, SJR_PROJ1_SENS1_TCDD_1305-41, SJR_PROJ1_SENS2_TCDD_1305-38, SJR_PROJ2_BC_TCDD_1301-06, SJR_PROJ2_SENS1_TCDD_1305-29, SJR_PROJ2_SENS2_TCDD_1305-26
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Figure 3-14b
Spatial Profiles of Model-Predicted Annual Average Water Column TCDD Concentrations (Model Year 7)

Feasibility Study
San Jacinto River Waste Pits Superfund Site
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Model Run: SJR_PROJ1_BC_TCDD_1301-03, SJR_PROJ1_SENS1_TCDD_1305-41, SJR_PROJ1_SENS2_TCDD_1305-38, SJR_PROJ2_BC_TCDD_1301-06, SJR_PROJ2_SENS1_TCDD_1305-29, SJR_PROJ2_SENS2_TCDD_1305-26
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Figure 3-15
Spatial Profiles of Model-Predicted Annual Average Pre- and Post-TCRA Water Column

TCDD Concentrations Including Range (Model Year 11)
Feasibility Study

San Jacinto River Waste Pits Superfund Site
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Model Run: SJR_PROJ1_BC_TCDD_1301-03, SJR_PROJ2_BC_TCDD_1301-06
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Figure 3-16
Time Series of Model-Predicted Water Column TCDD Concentrations at Select Transects

Feasibility Study
San Jacinto River Waste Pits Superfund Site

Note: Flow less than 100 cfs plotted at 100 cfs.
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SJR_PROJ2_SENS1_TCDD_1305-29, SJR_PROJ2_SENS2_TCDD_1305-26

Figure 3-17
Time Series of Model-Predicted Water Column TCDD Concentrations

within the USEPA’s Preliminary Site Perimeter and TCRA Site
Feasibility Study

San Jacinto River Waste Pits Superfund Site
Note: Flow less than 100 cfs plotted at 100 cfs.
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Figure 3-18
Time Series of Model-Predicted Post-TCRA Surface Sediment (top 6 inches) TCDD Concentrations

Averaged within the USEPA’s Preliminary Site Perimeter
Feasibility Study

San Jacinto River Waste Pits Superfund Site
Note: Dotted line represents an exponential decay curve fit to the model results.
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Figure 3-19
Time Series of Model-Predicted Post-TCRA Surface Sediment (top 6 inches) TCDD Concentrations Averaged by River Mile

Feasibility Study
San Jacinto River Waste Pits Superfund Site
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Figure 3-20
Time Series of Model-Predicted Post-TCRA Sediment TCDD Concentration on the Surface of the Armored Cap

Feasibility Study
San Jacinto River Waste Pits Superfund Site
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Figure 4-1
Alternatives 4N, 5N, 5aN, and 6N Remediation Footprints

Feasibility Study
San Jacinto River Waste Pits Superfund Site

[
NOTES:
Orthoimagery presented herein are enhanced 50-cm (0.5-meter)
Digital Orthophoto Quarter-Quads (DOQQs) images from the 2008
USDA-FSA National Agriculture Imagery Program (NAIP) and 2009
Texas Orthoimagery Program (TOP) aerial imagery acquisitions.
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Figure 4-2a
Spatial Profiles of Model-Predicted Annual Average Water Column TCDD Concentrations for Alternatives

1N through 3N and Alternatives 4N, 5N, 5aN, and 6N Simulations (Model Year 1)
Feasibility Study

San Jacinto River Waste Pits Superfund Site
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Model Run: SJR_PROJ2_BC_TCDD_1301-06, SJR_PROJ3_BC_TCDD_1307-01, SJR_PROJ3_BC_TCDD_1307-02, SJR_PROJ3_BC_TCDD_1402-01, SJR_PROJ3_BC_TCDD_1307-03
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Figure 4-2b
Spatial Profiles of Model-Predicted Annual Average Water Column TCDD Concentrations for Alternatives

1N through 3N and Alternatives 4N, 5N, 5aN, and 6N Simulations (Model Year 11)
Feasibility Study

San Jacinto River Waste Pits Superfund Site
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Model Run: SJR_PROJ2_BC_TCDD_1301-06, SJR_PROJ3_BC_TCDD_1307-01, SJR_PROJ3_BC_TCDD_1307-02, SJR_PROJ3_BC_TCDD_1402-01, SJR_PROJ3_BC_TCDD_1307-03
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Figure 4-3
Time Series of Model-Predicted Water Column TCDD Concentrations Averaged

within the USEPA’s Preliminary Site Perimeter and TCRA Site for
Alternatives 1N through 3N and Alternatives 4N, 5N, 5aN, and 6N Simulations

Feasibility Study
San Jacinto River Waste Pits Superfund Site

Note: Flow less than 100 cfs plotted at 100 cfs.
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USEPA’s Preliminary Site Perimeter
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SJR_PROJ3_BC_TCDD_1402-01, SJR_PROJ3_BC_TCDD_1307-03

* The remediation year (year 1) is excluded from the half-life calculation
for all the simulations on this plot.

Figure 4-4
Time Series of Model-Predicted Surface Sediment (top 6 inches) TCDD Concentrations Averaged within the

USEPA’s Preliminary Site Perimeter for Alternatives 1N through 3N and Alternatives 4N, 5N, 5aN, and 6N Simulations
Feasibility Study

San Jacinto River Waste Pits Superfund Site
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* The remediation year (year 1) is excluded from the half-life calculation
for all the simulations on this plot.

Figure 4-5
Time Series of Model-Predicted Surface Sediment (top 6 inches) TCDD Concentrations Averaged

by River Mile for Alternatives 1N through 3N and Alternatives 4N, 5N, 5aN, and 6N Simulations
Feasibility Study

San Jacinto River Waste Pits Superfund Site

LHB - \\helios\D_Drive\Projects\MIMC\San_Jacinto_RIFS(090557-01)\documents\FS_Fate_and_Transport_Appendix\Mar2014_DraftFinal\figures\IDL\FS_report\sjr_bed_temp_indcell_PROJ_alt.pro Wed Mar 05 14:27:55 2014

DRAFT



Figure 4-6a
Model-Predicted Surface Sediment (top 6 inches) TCDD Concentrations at the End of the

First Model Year for Alternatives 1N through 3N and Alternative 4N Simulations
Feasibility Study

San Jacinto River Waste Pits Superfund Site

[
NOTES:
Orthoimagery presented herein are enhanced 50-cm (0.5-meter)
Digital Orthophoto Quarter-Quads (DOQQs) images from the 2008
USDA-FSA National Agriculture Imagery Program (NAIP) and 2009
Texas Orthoimagery Program (TOP) aerial imagery acquisitions.
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Figure 4-6b
Model-Predicted Surface Sediment (top 6 inches) TCDD Concentrations at the End of the

First Model Year for Alternatives 1N through 3N and Alternative 5N Simulations
Feasibility Study

San Jacinto River Waste Pits Superfund Site

[
NOTES:
Orthoimagery presented herein are enhanced 50-cm (0.5-meter)
Digital Orthophoto Quarter-Quads (DOQQs) images from the 2008
USDA-FSA National Agriculture Imagery Program (NAIP) and 2009
Texas Orthoimagery Program (TOP) aerial imagery acquisitions.
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Figure 4-6c
Model-Predicted Surface Sediment (top 6 inches) TCDD Concentrations at the End of the

First Model Year for Alternatives 1N through 3N and Alternative 5aN Simulations
Feasibility Study

San Jacinto River Waste Pits Superfund Site

[
NOTES:
Orthoimagery presented herein are enhanced 50-cm (0.5-meter)
Digital Orthophoto Quarter-Quads (DOQQs) images from the 2008
USDA-FSA National Agriculture Imagery Program (NAIP) and 2009
Texas Orthoimagery Program (TOP) aerial imagery acquisitions.
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Figure 4-6d
Model-Predicted Surface Sediment (top 6 inches) TCDD Concentrations at the End of the

First Model Year for Alternatives 1N through 3N and Alternative 6N Simulations
Feasibility Study

San Jacinto River Waste Pits Superfund Site

[
NOTES:
Orthoimagery presented herein are enhanced 50-cm (0.5-meter)
Digital Orthophoto Quarter-Quads (DOQQs) images from the 2008
USDA-FSA National Agriculture Imagery Program (NAIP) and 2009
Texas Orthoimagery Program (TOP) aerial imagery acquisitions.
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Figure 4-7
Time Series of Model-Predicted Surface Sediment (top 6 inches) TCDD Concentrations Averaged over

the TCRA Site for Alternatives 1N through 3N and Alternatives 4N, 5N, 5aN, and 6N Simulations
Feasibility Study

San Jacinto River Waste Pits Superfund Site
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1 INTRODUCTION  

This appendix to the Feasibility Study Report (FS Report) for the San Jacinto River Waste 
Pits Superfund Site (Site) presents the results of the hydrodynamic evaluation of a Permanent 
Cap as defined in the FS Report (Permanent Cap) considered as part of the remedial 
alternatives for the area north of Interstate 10 (I-10).  The Permanent Cap is included in 
Alternatives 3N, 4N, 5N, and 5aN described in the main text of the FS Report.  Alternative 
6N does not include a Permanent Cap.  Specifically, this appendix documents the following: 

• The design rock size for a Permanent Cap, focusing on the factor of safety for armor 
rock on slopes in the wave-breaking (i.e., surf) zone in the area of the impoundments 
located north of I-10 (i.e., Northern Impoundments) where a Time Critical Removal 
Action (TCRA) has already been completed (TCRA Site) 

• The effect of varying assumptions for the design storm event magnitude on predicted 
stable armor rock sizes 

• An evaluation of the effect of wind- and vessel-generated forces on the size of armor 
rock required 

• Modeling of flood impacts during and after construction for each of the remedial 
alternatives. 

 

1.1 Background 

The TCRA included design and installation of an armored cap as described in the FS Report 
over the TCRA Site (Armored Cap).  The Armored Cap was designed to provide immediate 
containment of materials in the former Northern Impoundments and to be compatible with a 
final Site remedy.  As with any cap design, the factor of safety can be increased, which 
ultimately will reduce the potential for long-term cap maintenance needs. 
 
Subsequent to completing the TCRA, U.S. Environmental Protection Agency (USEPA) raised 
questions about the basis of design for the TCRA, specifically the protectiveness of a cap 
design that is based on the 100-year return-interval storm, which is recommended in 
USEPA’s Contaminated Sediment Remediation Guidance for Hazardous Waste Sites (USEPA 
2005).  At USEPA’s request, the United States Army Corps of Engineers (USACE) prepared a 
report addressing the design and construction of the Armored Cap (USACE 2013).  Details 
regarding the review of the Armored Cap design and construction are provided in the FS 
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Report.  The Armored Cap was designed considering a range of storms up to the 100-year 
return interval.  In support of the FS, additional evaluations were performed to consider a 
range of specific modeled events as well as an extreme-level storm event with a 500-year 
return interval. 
 

1.2 Permanent Cap 

The FS Report includes a Permanent Cap as an element for several alternatives, which entails 
flattening the slopes of the existing Armored Cap by adding additional armor rock material 
to increase the factor of safety.  The Permanent Cap would entail construction of 5 feet 
horizontal to 1 foot vertical (5H:1V) slopes along the central, western, and southern berms 
(flattening these berms from 2H:1V to 5H:1V) to increase the factor of safety in the wave-
breaking zone and flattening the submerged slopes from 2H:1V to 3H:1V to increase the 
factor of safety for submerged slopes.  Such measures would exceed recommendations made 
by USACE in its review of the Armored Cap design and construction, as described in the FS 
Report. 
 
Armor Cap D material, as described in the TCRA Final Removal Action Work Plan (RAWP; 
Anchor QEA 2010), would be used for the Permanent Cap.  This is a natural stone material 
with the following estimated gradation: 

• D100 = 15 inches 
• D85 = 12 inches 
• D50 = 10 inches 
• D15 = 8 inches 

 

1.3 Design Storm Event Evaluation 

In addition to evaluating design slopes and armor size for the Permanent Cap, this appendix 
describes the analysis that was performed to evaluate the long-term protectiveness of the 
Permanent Cap under a variety of storm conditions, including several actual storms that have 
occurred in the vicinity of the Site.  An evaluation of current velocities and stable cap grain 
size was performed for wind- and vessel-generated waves breaking in the surf zone, as well 
as for river currents, during the following storm and flood scenarios: 
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• 5-year flood 
• 10-year flood 
• 25-year flood 
• 50-year flood 
• 100-year flood 
• 500-year flood 
• Hurricane Ike 
• Tropical Storm Allison 
• October 1994 Harris County flood  



 
 
  

Draft Final Interim Feasibility Study Report – Appendix B: Hydrodynamic Cap Modeling  March 2014 
San Jacinto River Waste Pits Superfund Site 4 090557-01 

2 DESIGN AND PERFORMANCE CRITERIA 

USEPA and USACE’s Guidance for In-Situ Subaqueous Capping of Contaminated Sediments 
(USACE 1998) states: 

The cap component for stabilization/erosion protection has a dual 
function…to stabilize the contaminated sediments being capped…[and] to 
make the cap itself resistant to erosion. 

 
In addition, USEPA’s Contaminated Sediment Remediation Guidance for Hazardous Waste 
Sites (USEPA 2005) states: 

[T]he design of the erosion protection features of an in-situ cap (i.e., armor 
layers) should be based on the magnitude and probability of occurrence of 
relatively extreme erosive forces estimated at the capping site.  Generally, in-
situ caps should be designed to withstand forces with a probability of 0.01 per 
year, for example, the 100-year storm. 

 
The Armored Cap was designed to provide isolation of underlying sediment and protection 
from erosive forces in the San Jacinto River (i.e., waves and currents).  The Permanent Cap 
will provide enhanced long-term protection of the underlying materials.  The evaluation of 
the Permanent Cap was performed using methods developed by USEPA and USACE 
specifically for in situ caps, such as methods included in Armor Layer Design of Guidance for 
In Situ Subaqueous Capping of Contaminated Sediments (Maynord 1998).   
 
In addition to the recommended 100-year storm design criterion, this appendix considers a 
range of storm and flood scenarios up to a 500-year storm to assess the sensitivity of the 
stable armor rock size to the magnitude of the storm and to evaluate the performance of the 
Permanent Cap under these extreme scenarios. 
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